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Abstract 
With the enforcement of LEZs, small and medium enterprises (SMEs) have to explore different business operation strategies to 
remain in market. Examples of these strategies are change in delivery operations, change in delivery vehicles, new strategies etc. 
In this paper, we propose a hybrid approach based on Gap Analysis and Importance Performance Analysis for selecting the most 
viable strategy for SMEs. In the first step, we identify the criteria for evaluating business strategies using literature review and 
discussion with logistics experts. In the second step, we conduct gap analysis to identify the gaps between the expected performance 
of the business operation strategies and the perceived performance. Lastly, we conduct Importance-Performance analysis to 
determine the areas in which business operation strategies perform best or worst and in which areas they need to improvise. A 
numerical application is provided. 
© 2016 The Authors. Published by Elsevier B.V. 
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1. Introduction 
Low emission zones (LEZ) have been implemented in several cities (about 200 in Europe so far) in order to reduce 
negative environmental impacts arising from old polluting vehicles (Dablanc, Montenon, 2015). All these LEZs target 
freight vehicles (exclusively or not). Recent studies show that these zones have been successful in minimizing 
emissions based on CO2, NOx and other particulates. There is however, only a very limited number of studies on the 
impact of low emission zones on business performance of small and medium logistics service operators. It is assumed 
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that the implementation of LEZs will challenge the existing operational models of SMEs forcing them to look into 
new business models for operation (Dablanc, Montenon, 2015). In this paper, we explore different business operation 
strategies that SMEs can consider to remain in market with the enforcement of LEZs. We envisage four scenarios (or 
business operations strategy) which the logistics operators can undertake:  
x Scenario 1: No change in existing fleet (Logistics operators take on the extra costs)  
x Scenario 2: Change in delivery operations (Logistics operators change the delivery timings, routes, delivery zones, 
use of dedicated hubs/delivery zones)  
x Scenario 3: Change in delivery vehicles (Retrofit existing vehicles, Buy – New or Used vehicles, Rent delivery 
vehicles, Vansharing)  
x Scenario 4: Change in business strategy (Partnership with other logistics operators, Merger with other logistics 
operators, Outsourcing to 3PLs)  
 
To evaluate these scenarios, we propose a hybrid approach based on Importance performance analysis and Gap 
Analysis. For evaluation of different strategies, we need data on evaluation criteria. However, it has been observed in 
general practice, that often there is almost none or very limited data available on strategies which are new or yet to be 
implemented, thereby making the evaluation process difficult. To address this situation, we will make use of linguistics 
ratings such as Good, Very Good, Poor, Very Poor etc. for assessing the alternatives (business operations strategy) 
and the criteria.  
 
The rest of the paper is organized as follows. In section 2, we present the problem definition. The solution approach 
is provided in section 3. Section 4 presents the numerical application of the proposed approach. Finally, in section 5 
we provide the conclusions and steps for future work.  
 
2. Problem Definition 
The research problems we are addressing in this paper are:  
x Which criteria to choose for evaluating different business operation strategies?  
x How to generate criteria and alternative (transportation projects) ratings under uncertainty?  
x Which methods/techniques to choose for evaluating different business operation strategies? How to select the 
best strategy? 
 
3. Solution Approach 
Our solution approach comprises of three main steps.  
1. Selection of evaluation criteria  
2. Generating criteria and alternative (business operation strategies) ratings  
3. Identifying the best alternative using Gap Analysis and Importance Performance Analysis 
 
3.1. Selection of evaluation criteria 
The first step involves selection of criteria for evaluating different business operation strategies that SMEs can 
consider to remain in market with the enforcement of LEZs. Four business strategies are considered in our study 
namely no change in existing fleet, change in delivery operations, change in delivery vehicles, and change in business 
strategy (Section 1). We identified ten criteria from literature review (Browne et al., 2004, Ellison et al., 2013, Tretvik 
et al., 2014), discussion with city logistics experts and our practical experience with city transportation projects 
(SUCCESS, La Rochelle, France). The final list of criteria is shown in Table 1.  
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                        Table 1: Evaluation Criteria 
 
Evaluation Criteria Type 
1.Distribution costs C 
1.1 Number of Trips C 
1.2 Loading factor B 
1.3 Travel Time/Distance/Route Used  C 
1.4 Loading/Unloading Time C 
2.Penalty/Violation Costs C 
3.Revenue Sharing Costs C 
4.Facility costs C 
5.Vehicle costs C 
5.1 Purchasing costs C 
5.2 Upgrading costs C 
5.3 Maintenance costs C 
6.Renting cost C 
7.Vansharing cost C 
8.Fuel costs C 
9.Human Resources costs C 
10.Supporting infrastructure costs C 
 
 
It can be seen in Table 1 that majority of the criteria are the cost (C) category criteria, that is, the lower the value, 
the better the alternative (or operational strategy) is. The only exception is sub-criteria 1.2 which is the benefit (B) 
type criteria, that is, the higher the value, the better the operational strategy is  
 
3.2. Addressing uncertainty in criteria and alternative ratings 
To address the uncertainty in criteria and alternative ratings due to almost none or very limited data availability, 
we will make use of linguistics ratings. These linguistic ratings are obtained from decision makers. Later, they will be 
transformed into fuzzy numbers for further processing through the next step. 
 
3.2.1 Preliminaries of fuzzy set theory 
Definition 1: A triangular fuzzy number is represented as a triplet a~ = (a1,a2,a3). Due to their conceptual and 
computation simplicity, triangular fuzzy numbers are very commonly used in practical applications (Pedrycz 
1994, Klir and Yuan 1995).  The membership function  of triangular fuzzy number  is given by: 
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Where a1, a2, a3 are real numbers and a1<a2<a3.  The value of x at a2 gives the maximal grade of )(~ xaP  i.e., 
1)(~  xaP ; it is the most probable value of the evaluation data. The value of x at a1 gives the minimal grade of 
i.e., 0)(~  xaP ; it is the least probable value of the evaluation data. The narrower the interval [a1,a3], 
the lower is the fuzziness of the evaluation data. 
 
 
 1 
      
 
 
 0         a1               a2                     a3 
Figure 1: Triangular fuzzy number  
 
Definition 2: In fuzzy set theory, conversion scales are applied to transform the linguistic terms into fuzzy 
numbers. In this paper, we will use a scale of 1-9 to rate the criteria and the alternatives. Table 2 presents the 
linguistic variables and fuzzy ratings used by the decision making committee for rating the alternatives. Table 3 
presents similar information for the criteria used in the decision making process.  
 
 
                              Table 2: Linguistic ratings for alternatives 
Linguistic Term Membership Function 
Very poor (VP) (1,1,3) 
Poor(P) (1,3,5) 
Fair (F) (3,5,7) 
Good(G) (5,7,9) 
Very Good (VG) (7,9,9) 
 
                             Table 3: Linguistic ratings for criteria 
 Linguistic Term Membership Function 
Very Low (1,1,3) 
Low (1,3,5) 
Medium (3,5,7) 
High (5,7,9) 
Very High (7,9,9) 
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3.3. Operational strategy evaluation 
The third step involves evaluation of business operation using a hybrid approach based on gap analysis and 
importance performance analysis. These techniques are described as follows.  
 
3.3.1 Gap Analysis  
Gap analysis is used to measure the gap between the expected performance and perceived performance on service 
quality attributes. If the perceived performance is lower than the expected performance, the gap is said to be –ive and 
improvements are required. If the perceived performance is higher than the expected performance, then the gap is said 
to be positive and service quality is deemed good. If the perceived and expected performances are equal, then the gap 
is equal to zero and no changes are required.  
 
Table 4 presents an example of the gap analysis scores. It can be seen that criteria 1 and 3 have negative gaps and 
therefore require improvement. A committee of decision makers comprising of logistics experts provides the linguistic 
ratings for the expected and the perceived performance on various criteria which are converted into fuzzy triangular 
numbers using Tables 2-3 for further processing.  
 
 
Table 4: Gap Analysis (example) 
 
Evaluation 
Criteria 
Expected Performance 
(E) 
Perceived 
Performance (P) 
Gap 
(P-E) 
Notation 
 New Scenario BAU Scenario   
Criteria 1 3.778 3.333 -0.445 -ive 
Criteria 2 4.556 5 0.444 +ive 
Criteria 3 5 4.111 -0.889 -ive 
       --(-10<=Gap<-5);  - (-5<=Gap<0); 0 (Gap =0); + (0<Gap<=5);  ++ (5<Gap<=10) 
 
 
3.3.2 Importance Performance Analysis 
Importance-performance analysis was introduced by Martilla and James (1977). It consists of two dimensions namely 
Importance and Performance. The scores are obtained by taking the means of surveyed responses for each criteria 
along these two dimensions. Importance performance analysis is typically displayed in a two-dimensional plot with 
importance on the vertical axis and performance on the horizontal axis. If the criteria values lie in quadrant I, it 
indicates relative strength and no changes are required. On the other hand, if criteria values lie in quadrant II, then 
improvements are required. The quadrant III and IV can be ignored since the importance values for criteria are low 
here.  
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Figure 2: Importance Performance Analysis 
 
 
4. Numerical Application 
In this section, we present the application of the proposed approach for evaluating business operation strategies (or 
alternatives) as listed in section 1. Due to space limitations, we will evaluate only one strategy say change in existing 
fleet in this section. A committee of three decision makers (D1, D2, and D3) is formed to rate the criteria and the 
alternative. The decision makers provide linguistic ratings for the criteria and the alternative using scales given in 
Tables 2 and 3. These ratings are presented in Table 5.  
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                    Table 5: Linguistic Assessments for the 10 criteria 
Criteria 
Linguistic rating Aggregate Fuzzy 
Rating 
Crisp 
rating 
D1 D2 D3 
C1 VL M L (1,3,7) 3.333 
C2 L H M (1,5,9) 5 
C3 L L VL (1,2.333,5) 2.556 
C4 L VL M (1,3,7) 3.333 
C5 VL VL VH (1,3.667,9) 4.111 
C6 H L M (1,5,9) 5 
C7 H L L (1,4.333,9) 4.556 
C8 VH L L (1,5,9) 5 
C9 H M VL (1,4.333,9) 4.556 
C10 VL L H (1,3.667,9) 4.111 
 
Let us denote two fuzzy numbers by (a1,a2,a3) and (b1,b2,b3).  The aggregated fuzzy weights ( ijw ) of criteria are 
obtained using (min(a1,b1), avg(a2,b2), max(a3,b3) rule. For example, for criteria C1 (Linguistic Rating = 
(L,VL,M)), the aggregated fuzzy weight is given by ),,(~ 321 jjjj wwww   where: 
1 2 3
1
min(1,1, 3), (3 1 5), max(5, 3, 7)
3
(1, 3, 7)
j j jk k
j
w w w
w
     
 
 
The aggregated fuzzy weights jw
~  are transformed into crisp number using jw
6
*4 321 jjj www  . For 
example, for criteria C1, (1, 3, 7)jw  , we have  1*1 (4 * 3) 7 3.33
6
jw
   . Likewise, we compute the 
aggregate weights for the remaining criteria. The results for aggregate weights of the 10 criteria are presented in 
last column of Table 5.   
 
Tables 6-7 present the linguistic ratings by the committee of three decision makers for the alternative under 
evaluation for two cases Business as usual (Perception) and New scenario (change in vehicle fleet, Expectation). 
The linguistic ratings are converted into fuzzy triangular numbers and then aggregate ratings are generated using 
same steps.  
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                   Table 6: Linguistic Assessments (Perceptions, BAU Scenario) 
Criteria 
Linguistic rating Aggregate Fuzzy 
Rating 
Crisp 
rating 
D1 D2 D3 
C1 M L L (1,3.667,7) 3.778 
C2 M VL H (1,4.333,9) 4.556 
C3 M L H (1,5,9) 5 
C4 M L VL (1,3,7) 3.333 
C5 VH VH VL (1,6.333,9) 5.889 
C6 H VH H (5,7.667,9) 7.444 
C7 L L L (1,3,5) 3 
C8 M VL H (1,4.333,9) 4.556 
C9 H M VL (1,4.333,9) 4.556 
C10 H M M (3,5.667,9) 5.778 
 
                 Table 7: Linguistic assessments for the alternatives (Expectations, New Scenario) 
Criteria 
Linguistic rating Aggregate Fuzzy 
Rating 
Crisp 
rating 
D1 D2 D3 
C1 L M VL (1,3,7) 3.333 
C2 H L M (1,5,9) 5 
C3 VL VL VH (1,3.667,9) 4.111 
C4 H L L (1,4.333,9) 4.556 
C5 L VH L (1,5,9) 5 
C6 VL L H (1,3.667,9) 4.111 
C7 L H M (1,5,9) 5 
C8 VL L L (1,2.333,5) 2.556 
C9 L M VL (1,3,7) 3.333 
C10 H M VL (1,4.333,9) 4.556 
 
Table 8 presents the gap obtained using the perception and expectation value for the 10 criteria from Tables 6-7. 
It can be seen that criteria C2, C4 and C7 have negative gaps, therefore the performance of the BAU scenario 
needs to be improved in these dimensions.  
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                         Table 8: Gap Analysis results 
Criteria Perceptions 
(P) 
Expectations 
(E) 
Gap 
(P-E) 
Notation 
C1 3.778 3.333 0.445 +ive 
C2 4.556 5 -0.444 -ive 
C3 5 4.111 0.889 +ive 
C4 3.333 4.556 -1.223 -ive 
C5 5.889 5 0.889 +ive 
C6 7.444 4.111 3.333 +ive 
C7 3 5 -2 -ive 
C8 4.556 2.556 2 +ive 
C9 4.556 3.333 1.223 +ive 
C10 5.778 4.556 1.222 +ive 
 
Figure 3 presents the results of Importance Performance analysis (IPA). The criteria weights (importance) were 
obtained using the last column of Table 5. It can be seen that for IPA, we have plotted only C2, C4 and C7 criteria 
since they seem to have negative gaps (Table 8) and hence require improvement. It can be seen from Figure 3 
that criteria C2 and C7 lie in quadrant II, or the quadrant with high weight or important criteria (compared to C4) 
therefore these two criteria need to be worked out for improving the change in vehicle fleet scenario. 
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Figure 3: Importance Performance Analysis 
 
 
Using similar analogy, we can conduct IPA analysis for the four scenarios (section 1). Table 9 presents a 
hypothetical example with results for comparing the four scenarios. It can be seen that scenario 2 has maximum 
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positive gaps and should be chosen for implementation. Scenario 4 has several negative gaps and requires 
improvement. 
 
 
Table 9: Scenario evaluation using Gap Analysis (example) 
 
Evaluation Criteria 
 
Business 
As-usual 
Scenario 1 Scenario 2 Scenario 3 Scenario 4 
Distribution costs      
Number of Trips -  +   
Loading factor -  +  + 
Travel Time/ Distance/ 
Route Used  
- +       - 
Loading/Unloading Time -  +  + 
Penalty/Violation Costs - ++    
Revenue Sharing Costs             ++ 
(new 
business) 
Facility costs     - 
Vehicle costs -     
Purchasing costs -   ++  
Upgrading costs -   ++  
Maintenance costs -   -(new)  
Renting cost      
Vansharing cost      
Fuel costs -  ++  - 
Human Resources costs -  +  - 
Supporting infrastructure costs -  +  - 
     
 
5. Conclusions and future works 
  In this paper, we present a hybrid approach based on gap analysis and importance performance analysis for 
investigating business operation strategies that small and medium business operators can adopt with the 
implementation of Low Emission Zones (LEZs). Four scenarios are considered namely no change in existing fleet, 
change in delivery operations, change in delivery vehicles, and change in business strategy. A numerical application 
is provided to demonstrate the application of the proposed approach. The limitation of quantitative data is addressed 
through the use of fuzzy numbers.  
 In future, we intend to perform more numerical experiments using real data to test the effectiveness of these strategies 
in real life circumstances. Sensitivity analysis can also be performed to determine if these results always remain 
consistent irrespective of the alternative data and criteria weights. 
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